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1 
Out invention  relates to he,quantitutive-meas- 
urement of the dispersed phase of. an. off-con- 
tinuous suspension, typically an oil-continuous 
emulsion. !t wiI1 be exemplified-as a. method - and 
apparatus for indicating smail amounts of dis- 
persed or suspended-aqueous material..in a 
troleum off, althOugh it can a]so be used. for 
measuring the amountof suspended maeria.]s in 
vegetable ofls orin- any ]iquid of relativelF high 
resistivity. 
In the petroleum industry,, by way: of eïample 
if is very desirable to.know the aqueous content 
of water-in-ofl type emulsionS: Strict maximum 
limits are ofen prescribed or desirable as to-the 
amount of aqueous material in a. crude oil. to be 
transmitted by pipe tine, in- he effluent from de- 
salting or dehydration plants, and in. various 
finery streams. Present practice is fo. centrifuge 
a sample, with or withou.prior dilutïon in order 
to throw down the aqueous materiaL orto meas- 
ure the aqueous content of a- samp]e by distilla- 
tion methods. These-are batch- operations, quite 
time-consuming and troublesome: 
If is an objeot of the:present-invention to pro 
vide a new process and apparatus» capable of. con- 
tinuous operation-if desired,.for the-accurate.and 
simple determination of:the.amount o£ suspended 
material in oils. 
We have round that: the.changein die!ectric 
constant of an oil with=clange in theamoun.of 
suspended, materiàl therein is a-n excellent re]i- 
able criterion for deterrnining the amount of such 
suspended material present.. It, is an, important 
object of the invention¢o providea-method and 
apparatus utflizing this principle.- 
On petroleum oils, for example, the-die!ectric 
constant of the off, when dry,. will. be= in. the 
neighborhood of- 2.1«2.2, varing somewlat with 
different oils. When the oil.has a water conten 
of 1% the dielectric cons£ant will be raised-by 
about 0.1 unit, and with higher, water contents 
the dielectric constant will. be-zaised even more. 
In the measuremn of. dielectric constant,it is 
desirable to use-high frequencypotentials to in- 
crease the ratio of capgcitiVe to resistive:cur- 
rent. The desirable frequency is: sucl that-:its 
generation by an electron-tube oscfl]ator îs:pref.- 
erable. We prefer a- frequencF of 100,000 cycles 
up to several megacyc]es e: g'.,. as high or highm" 
than 6 roc. The lowest, frequency, of the rgnge 
is preferably that which causeS..the parallel 
pacitive reactance of the oil-conaining celI-t0 be 
of the order of ½o-çoo of. the effectvepara]lel 
sistance of the cell; the terre. "effëctive.resit- 
ance" being used:to includeáll, dielectric':or, ortier 
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power-consuming !osses. The highest frequency 
o£ the range is limited- only be design considera- 
tions, frequencies above about 6 roc. giving dif- 
ficulty in balancing or through increased dielec- 
 trïc or stray ]osses and from inductance of long 
leads, ground wh'es, etc. Within a narrower 
range of 500,000 cycles to 3 roc. will be fOUnd the 
frequency giving most satisfactory resuls on 
mosfi petroleum oils. 
1O Out tests have shown that there are no insur- 
mountable prob]ems-in such measurement due 
to frequency, temperature or voltage coeflïcients. 
In using a balanced capacity bridge for the meas- 
urement, minor changes in frequency or voltage 
15 do not significantly change the accuracy. 
However, one of the most pressing problems 
the art is the testing of low water-content oils of 
0.1-1.0% and the herein-exemplified apparatus 
has been designed particularly for testing such 
20 oils. In this instance, temperature variations 
corne very significant and the invention has as 
one of its objects the use- of a compensating cell 
for compensating for changes in temperature 
and, in some instances, for changes in type or 
 source of off being tested. 
While the output of a. suitable subsantially- 
constant-frequency oscillator may be applied 
across one diagonal of-thebridge, such-a system 
requires a high-output oscfl]ator, often makes the 
SG equipment unduly bulky and. not portable, and 
' requires careful impedance matching subject o 
decouplin2'. We have round it advantageous to 
dispose the ofl-containing test cell, preferably 
connected in a bridge circuit, in the tank circuit 
5 of the oscillator. This gives a relatively stable 
voltage across he cell, permits the use of a single- 
tube oscillator of simple design and avoids cou- 
pling diculties. The frequency of the oscillator 
shifts slightly With change- in the di-electric con- 
40 stant, but this shift issosmali as to-have no sub- 
santial significanc, usually being less han .05 %. 
It is an object of the invention fo emp]oy a 
capacity bridge connectedto an oscillat0r in the 
determination of the amount of suspeiided 
45 tekial in oi]s. 
An0ther object is to disposethe off.in, a suit- 
able cell and to connect this cell in the ank cir« 
cuit of an osciIltor fo produce an indication of 
the amount of' suspended material in an off. 
0 ' A further oSject is to providé an appràtus 
c]uding a meteror other-device on which the con- 
tent of suspendëd materiáI, can be directIy read 
or recorded. 
Further object lie-inthe pro'/iSion of a novel 
55, bidge circuit including balancin means- and 
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chec1 means for periodically checking the ac- axis oï the cylindrical casing 12. OEo close the 
curacy of theindication, space between the walls 15 and 16, an annular 
Other objects of the invention include the pro- member 17 is secured to the upper ends of these 
vision of a novel cell for the off including, if de- walls. This member may provide a filling open- 
sired, an auxiliary compensating cell; a novel cell 5 ing normally closed by a plug 18. 
through which off may be circulated continuous- The cylindrical wall 15 divides the interior 

ly; and a cell-including structure capable of di- 
rect connection to existing pipe lines. 
Itis another object, to provide an electronic 
device for measurement of water content of ofls 
which is hot infiuenced by particle size or degree 
of emulsification. 
We have further discovered that, once the 
vention is balanced and calibrated for a particu- 
lar off, any new off of sLmilar type can be tested 
without recalibration, contrary to the apparent 
necessity for recalibration when different oils 
are tested. In this connection, if the instru- 
ment has been calibrated on the basis of a first 
off, dry or of known water content, the only 
re-setting required for a second oil can be ruade 
by thoroughly dehydrating the second off to zero 
water content, and setting the meter to read zero 
water content when this off is in the test cell. 
Alternatively, the compensating cell of the in- 
vention can be filled with a dry sample of the 
off to be tested, no re-setting then being neces- 
sary. The second off, of anF water content 
within the range of the meter, can then be in- 
serted in or fiowed through the test cell and 
the meter will directly indicate its water content 
with substantial accuracy, without resort to cali- 
bration charts, different meter scales, etc. It 
is an object of the invention to provide a method 
of testing ofls by this procedure and an appara- 
tus making possible the testing of different oils 
with a minimum of adjustments. 
A further object is to provide an apparatus 
,or the continuous testing of oils in which a 
small stream of the off is dehydrated and fiowed 
through a compensating cell. 
Still further objects and advantages o£ the 
invention will be apparent to those skflled in the 
art from the herein-contained description of 
emplary embodiments. 
Referring to the drawings: 
Fig. 1 is a vertical sectional view of one cell 
structure of the invention. 
Figs. 2 and 3 are horizontal sectional views of 
the cell structure of Fig. 1, taken respectively 
along lines 2--2 and 3--3 thereof. 
Fig. 4 is a vertical sectional view of an alter- 
native cell structure, particularly suited to con- 
tinuous testing, and showing diagrammatically 
some of the connecting piping and auxfliary 
equipment. 
Fig. 5 is a vertical sectional view of a thh-d 
cell structure of the type suitable for interposi- 
tion in existing pipe lines. 
Figs. 6 and ï are vertical sectional views taken 
as indicated by the lines --6 and 7--, respec- 
tively, of Fig. 5. 
Figs. 8 and 9 show alternative wiring diagrams 
of circuits of the invention. 
Referring particularly to Fig. 1, the illustrated 
cell structure comprises, generally speaking, a 
capacitive measuring or test cell ! 0 and a capaci- 
rive compensating cell I. The cell structure 

of the casing 12 into two adjacent compartments. 
OEhese include a first compartment 2 between 
the cylindçical casing 2 and the wall 15 and a 
I0 second compartment 21 between the cylindrical 
walls 15 and . The second compartment is 
closed by the annular member Il in this em- 
bodiment and is adapted to be initially filled 
with a dÆy oil beïore the cell is completely 
15 sembled. 
EXtending downwardly in the first compart- 
ment 2} is a sleeve electrode 2 forming a part 
of the test cell I}, the electrode being preferably 
disposed substantially midway between the cas- 
20 ing 2 and the cylindrical wall 15. The electrode 
24 is in effect a live electrode for the test cell 
I} and divides the first compartment into two 
concentric passages or chambers, collectively 
termed a test space 26, adapted to receive the 
25 off to be tested. 
The upper end o£ the electrode 2 provides 
an inwardly extending fiange 26 secured by bolts 
 fo the insulator 13, one oï the bolts serving 
as an input terminal for the electrode. The 
30 lower portion oï the insulator provides a plu- 
rality oï slanting, iadially-disposed slots 23 start- 
ing ata central apex oï the insulator and ,ïorming 
upwardly inclined passages through which 
liquid, air or released gas may flow past the 
35 flange 26 îrom the space between the electrode 
24 and the cylindrical wall 15 to the outlet of 
the cell structure during filling or use thereoï. 
The electrode flange engages ridges between the 
slots 26 and the inclined nature oï the passages 
4O formed by the slots 26 prevents any accumula- 
tion oï air or gas within the electrode 24. The 
insulator 13 preïerably provides a cylindrical por- 
tion  surrounded by a metallic ring 31 which 
is electrically grounded through a stud 32 con- 
45 nected to a grounded conductor 3 which is con- 
nected also to the cylindrical casing 12. 
Likewise, a sleeve electrode 3 is disposed cen- 
trally in the second compartment 2! and divides 
same into two passages or chambers collectively 
50 termed an off space 35 of the compensating cell 
Il, this space being adapted to receive a sample 
of off containing substantially no suspended ma- 
terial, e. g., a dry off. The electrode 3 is elec- 
trically insulated from the cylindrical walls 16 
55 and I6 For example, the lower end of the elec- 
trode 3 may test in an annular groove 3 of a 
ring-shaped insulator 3 resting on the bottom 
wall I and providing a passage for receiving 
a conductor 36 electrically connecting the elec- 
60 trode 3 with a terminal 39. To insure flxed 
spacing of the upper end of the electrode 3 
relative to the cylindrical walls 15, I three or 
more grooved insulators l may be employed, 
each insulator being dimensioned to fit snugly 
65 between the walls 15, I and providing a bottom 
groove to receive the upper end of the elec- 
trode 
Electrically bounding the upper end of the otl 

provides a receptacle for these cells, shown as space 35, we prefer to use an annular inter- 
comprising a cylindrical casing 12 closed at its ï0 stitial member 2, usually a perforated disc of 
upper end by a removable insulator 13 and at metal, connected to the cylindrical walls 15 and 
its lower end by a bottom wall I. I to be at ground potential. The annular mem- 
Grounded fo and extending upward from the ber is spaced from the upper end of the sleeve 
bottom wall  are cylindrical walls 16 and 15 electrode 3 and preïerably above the insulators 
concentric with each other and with the vertical 75 "l which may be secured thereto. 
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The test space 25, bounded- by the. grounded 
casing 12, the cyl:indrical( wall. i;5. and, the lire 
electrode 24 forms a tes cell capacitanca, means. 
In effect, the cylindrical bound.ingmembers com- 
prise condenser, plates sepaated by the off in 
the test space and thè caPacitance, between the 
lire electrode 24 and the. gounded, wal!swill be 
a function of th dielectric, constant of this off. 
Likewiss, th off space. 35, botmded, by the walls 
15, |6 and the lire electrode 34, forms another 
capacitance mean compr, ising in effect a part of 
a temperature comperating means for. compen- 
sating for change in capacitance of-the oilin the 
test space with changein, tèmperature and a 
means for comPensating for dielectric constant 
difference between vari6us oflsJ The dielectric 
constant of the off in the il spïce 35 determines 
the capacitive reactance of the. tenperature-com- 
pensating cell Il, formedby the Walls |5., le and 
the intervening lire electrode 
It is important to the invention, if designed 
for maximum accuracy, that the off space 35. be 
in heat-transferring relationship with the test 
space 25 so that the oils ïn thecells |0 and 
shall be ai substantially the saine tmperature. 
It will b observed that thetwo spaces are sep- 
arated by the cylindrical wall 15 which, beinç 
relatively rhin and a relatively good conductor of 
heat, facilitates heat trànsfer between the two 
spaces. In addition, the space inside the. cylin- 
drical wall I Gis also fllled With a portion of  the 
saine off as fills the test.sPace 25 wherfore the 
oil space $5 and, in fact, the entire compensating 
cell Il is substantially completey surrounded by 
the off undergoing test. By this construction, 
the off in the compensating cell, Il and in the 
off space 5 thereof is automatically maintained 
ai the saine temperature  aS he  off undergoing 
test in the test cell 10. 
In the cell structtu.e of Fig. 1, a suitable fluid 
conducting means communicates With the test 
space 25. Preferably thislmeànsincludês, an inlet 
means shown as a .stand pipe 43-,having a funnel 
 into which the oilto be testèd.may.be Poured, 
this off flowing through a. side PCe 45 and-diVC- 
ing between two branch pipes '46.ard4ï. The 
branch pipe G communicates with the lower end 
of the test space 25 and the branch pip 47 
communicates wit h the lower irteri0r of the 
cylinder formed by wall i 6: Off enteriig through 
these pipes rises in thè casin |2 o aï] ovërfiow 
pipe 4 which preferably Pens on an eqUpoC- 
tial or fleldless ann.ular spacè between the 
grounded casing 12 and the grounded riïg 
The position of theoverflow pipe 48 determines 
the maximum level of the off in the casing 12 
and, in the embodiment illusrated, Pr0vides a 
small gas space around . the rin 31 . above the 
surface of the off. If is desirable that this off 
surface be in an equipòtential space and that  
there be no electric fleld fo this off surface. The 
grounded ring 31 prevents, any fleld, from the 
energized bolt 27 to the casing 12. in the zone 
around the ring and provides an eq.uipotential 
space for the surface o the off: Should any 
as bubble fise from. the off in the test space if 
wfll be guided into the equipotentia-1, space-and 
be vented through the overflòw. Pipe 48 so as hot 
to change the position of the off surface nor the 
capacitive reactance of the oil-gas system in the 
upper portion oï the casi.ng 12. It. shoïld be 
understood, however, that it is not always neces- 
sary fo provide a. gas spa.ce or pocket in tle upper 
end of the casing |2.. This is partcularlyftrue if 
a stream oï the oil fo be. tested, flows continu- 

ously through the. test space. '25 ang if  the over- 
flow Pipe or ourlet is ai the extreme .upper end 
of the casing |. 
The cell shown in Fig. 1 can be, used for batch 
5 or continuous testing. In the former event, the 
off fo be tested, may be poured into the funnel 
4 until it overflows through the pipe 8, later 
drainage being effected by opening a pet cock 
4 ai the lower end of the pipe 43'. In the latter 
10 event, a stream oï the off tobe tested may con- 
tinuously enter the funnel 44 and flow tranquilly 
upward throu2h the. test space 25.. In either 
eveat the off trapped in the off space 35 will 
be brought fo the saine temperature as the off 
15 fo be tested, due to the heat-transferring rela- 
tio_ships, previousty described 
In the .usual practice of the invention, the off 
space 5 is filled with an off containing sub- 
stantially no suspènded material fo secure the 
 20 desired temperatue compensating effect. In the 
embodiment of Fig. 1 this off is trapped in the 
off space, being inserted belote the. electrode 2 
is lowered into place, gs by removing the plug 
I . In other instances if is desirable that off free 
25 of suspended material be continuously circulated 
through the off space 35. The embodiments of 
Figs. 4 and 5 accompHsh this result. 
leferring particularly to Fig. 4, the cell struc- 
ture is similar fo that shown in lig. 1 with the 
30 following exceptions. A discharge pipe 52 com- 
municates with and serres as an overflow for 
the upper end of the off space 35. A small stream 
of the off fo be tested is drawn from the side pip 
5 and flows through a small pipe 53 under the 
5 action of a small pump 54, the flow being con- 
trolled by a valve 55. This flow is delivered to 
any suitable means for removing from the off 
substantially all.of the suspended material there- 
in. This means isshown as a Purifying means 
40 7 and may bea fllter, centrifuge or any other 
suitable means for removing substantially all of 
the suspended material. In the exemplified.prac- 
tice of the invention, i] e., the determination of 
the water content of oils» the purifying means 57 
45 will conventionally be any means for removing 
substantially all of the suspended water drop- 
lets ïrom the off, e. g., a suitable dehydrator. 
Various dehydrators are known in the art. In 
the non-electrical types, the water- d-roplets may 
50 be flltered, absorbed or coalesced and separated, 
sometimes with the aid of cläemical deemulsify- 
ing agents. In the electrical types the water 
droplets may be electrically coalesced and sep- 
arated or, in some instances, electrically precipi- 
55 tated on an electrode surface. Any of these types 
may be used without departing fr0m the spirit of 
the invention. The purifled off moves through 
a pipe 5) communicating with the lower end oï 
the off space 35 so that-a small stream of this 
60 off is continuously de]ivered thereto, the overfiow 
material being discharged through the pipe 2 
The embodiment of Fig. 4 is well adaptedto the 
testing of an off flowing along a pipe line 59i with 
which the pipe 5 communicates, to determine its 
65 content, of suspended material, e. g., ifs water 
" content. Only a small sample of' the off fo be 
tested need be withdrawn through the pipe 4., 
as controlled by a valve 59a, and even a smaller 
fraction of the off stream need be handled.by the 
70 purifying means 57. The major portion of the 
sample stream will more tranquilly through the 
test space 25 and the capacitance in the test ce!l 
can be compared,with the capacitance of. the.cell 
through which the puriiïled.oil-stream is moving, 
7 to obtain an indication or.. recörd.ofthe amount 
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of suspended material in the oil moving through shown as extending radially ïrom a ring 85, 
the pipe line 59. ïormed of similar material, surrounding the elec- 
Occasionally it is round that the emulsion flow- trode 8[. ïhe outer ends of the spacers 84 en- 
ing in pipe 59 is of such coarse character that gage the inner wall of the casing 84 to maintain 
the suspended particles tend to settle out at the 5 the electrode 6| in fixed position. 
low rate of flow obtaining in the cell structure, In the embodiment of Fig. 5 the entire strearn 

thus producing an erroneous reading. This can 
be circumvented by means of a mixing or emul- 
sifying device 60 inserted in the pipe 45 leading 
to the cell structure. The type of emulsifier 
necessary to produce a non-sedimenting disper- 
sion will differ with various types of ofls, but a 
small centïifugal pump is generally satisfactory. 
The rate of flow can be regulated by a valve 6| 
in the pipe 45 downstream from the emulsifying 
device 60 which valve can act to give additional 
emulsiflcation, if the emulsifying device 60 is 
capable of producing considerable pressure. 
Thus, it is possible to measure the content of dis- 
persed marrer in an off stream even though itis 
so coarse that rapid settling out occurs when a 
sample is placed in a measuring device such as 
that represented by the invention. 
In the embodiment of Fig. 5, the invention is 
incorporated in an attachment to a pipe line, two 
flanged sections of which are indicated by the 
numerals 62 and 68. Disposed therebetween is a 
fianged casing 84, somewhat larger in diameter 
than the pipe sections 82 and 88, with its flanges 
suitably bolted fo the flanges of the pipe sections 
as by bolts 85. 
In this embodiment, the compensating cell 
comprises a cylindrical wall 88 closed af one end 
by a stream-piercing head 8] formed of insulat- 
ing material and af its other end by a dome-like 
member 68 having an exit opening 69. The cy- 
lindrical wall 66 is supported centrally within the 
casing 84 by pipes 70 and ]| and by a spider ]2 
which are, in turn, attached fo the casing. ïhe 
cylindrical wall 68 is maintained ai ground po- 
tential. Disposed centrally therein is a live elec- 
trode ]8 comprising a rod-liki mimbir mounted 
in the insulating material of the head 6] fo be 
insulated from ground. A conductor ]4 is elec- 
trically connected to the electrode ]8 and extends 45 
through a bushing ]5 inserted into the pipe ]0. 
The space between the cylindrical wall 68 and 
the electrode 73 comprises a compartment or off 
space ]6 of a compensating cell. A small stream 
of the oil entering the casing 64 is withdrawn 50 
through a pipe  by means of a pump 8 and en- 
ters a puriïyin means 9 at a flow rate deter- 
mined by the setting of a valve 80. The purify- 
ing means 79 serves the saine function as the 
purifying means 5 previously described and de- 55 
livers to the pipe | a small stream of the oil 
containing substantially no suspended material. 
This off fllls the off space 8 and is discharged 
through the exit opening 69 to blend with the 
main oil stream which is pierced by the head 67 60 
to flow through a test space 80 between the cylin- 
drical wall 66 and the casing 64. 
The test space 80 comprises essentially two 
passages ïormed on opposite sides of a sleeve 
electrode 6| insulated from the casing 84 and 65 
supported coaxially therein by a bushing 8. The 
electrode 6| is a live electrode corresponding gen- 
erally fo the electrode 4 of Fig. 1. It splits the 
main stream of the oil into two concentric 
streams flowing respectively inside and outside 
the electrode 8|. This electrode should be rigid- 
ly mounted so as hot to vibrate or change its posi- 
tion during this flow of the oil. For this purpose, 
each end of the electrode 8| may provide several 
spacers 84 formed of insulating material and 

flows through the cel] structure of the invention. 
Any change in temperature oï the main strearn 
produces a similar change in temperature in the 
10 oil space 8 due to the renewal of the off in this 
space and to the heat transfer through the cylin- 
drical wall  between the off space 8 and the 
test space 
ïhe invention includes a circuit means for 
15 ergizing the live electrodes and for, in effect, 
measuring and balancing against each other the 
capacitance of the off space and the test space. 
Preferably this circuit means includes a capaci- 
tance bridge, indicated generally by the numeral 
20 9 of Figs. 8 and 9, and a source of relatively high 
frequency potential, exemplifled in Figs. 8 and 9 
as an electron tube oscillator deslgnated gener- 
ally by the numeral 9 . 
The capacitance bridge 9 includes a plurality 
25 of capacitive arms connected to provide input 
terminals 6. and 93, representing one diagonal of 
the bridge, and output trminals 94 and 95, rep- 
resenting another diagonal of the bridge. Con- 
densers 96 and 7 are respectivelY connected in 
30 the upper arms of the bridge. The invention 
cludes means for connecting the electrodes of th 
test cell |, ïor example, in an arm 98 of the 
bridge. For example, the casing | is connected 
to the grounded input terminal 8 and the elec- 
35 trode 24 is .connected to a terminal 9 of a selec- 
tor switch | having an arm |6| connected to 
the output terminal 94. The switch |00 include 
another contact |8 selectively engageable by the 
arm | . When the arm |0 | engages the contact 
40 |8 a variable condenser |98, shunted by a re 
sistor |09, is interposed in the arm 
In the circuit shown, the compensating cell 
| | is electrically connected in the fourth arm | | 
of the bridge, e. g., its grounded walls |5, 
are connected to the input terminal 8 of the 
bridge and ifs electrode 84 is conne6ted through 
terminal 89 to the output terminal 5 of the 
bridge. 
The oscillator 9| is of the electron tube type 
and we prefer to make the bridge the tank 
capacitor by connecting terminals 92 and 
to conductors ||| and ||, forming a part of 
the oscillator circuit, there being an inductance 
| 3 connected between the conductors | || and 
||. The remainder of the oscillator 9| is con- 
ventional and includes typically a triode 
connected as a feed-back oscillator. 
While various means can be employed for 
ergizing the capacitance bridge at the relative- 
ly high ïrequency previously mentioned, we 
prefer to dispose the bridge in the tank circuit 
of an oscillator as this assures that full voltage 
is always applied fo the bridge circuit without 
the necessity of tuning or impedance match- 
ing. With this arrangement, the output fre- 
quency of the oscillator may vary a small frac- 
tion of 1% with change in balance of the bridge, 
but the effect of such minor change in frequen- 
cy is negligible. 
70 The output of the capacitance bridge, aP- 
pearing between output terminals 94 and 65, 
is sent to any suitable means responsive to the 
output, e. g., a means for indicating or record- 
ing the mis-balance of the bridge as a measure 
75 of the water conent of the off being tested. 



,9 

2599»583 

110 

Such an ouput means ray be merely a sensi- 
tiWD. C. ëtër asocïated Wïth. a-ïull wave 
ïëctièras wil bWi'ter.iscribC with reference 
it0 ig. 9. Th '0UtpUt mèans shown in Fig. 
is a x/gu.ïun ubWv0tmeter  with the primary 
Widfrlg 'f s iil15ut tianSïormer 6 connected 
betveen the 6Utput .termials 94 and . Such 
Vacdu ubè v01tmétérs re we11 knovn in the 

however, there will be à minute resistive com- 
ponent of the curren fowing through the oil 
in the test.cell and the compensating cell. For 
most accurate results, this resistive comportent 
and losses in the bridge and Cells are balanced 
out by a resistor 129 connected ill the bridge 
circuit across the. test Cell 0 or compenating 
cell  as round necessarY, similar considera- 

at. and emloy a gain Control 127, the output tions apply fo the resistor 109 when establish- 
reading being takèn rom a meter 128 which, 10 ing a recalibration standard as previ0usly 
în the :Pesént inventioi, is Preferably calibrated scribed. 
ïn-units of water content 0rcontent of Suspended Fig. 9 illustrates another circuit diagram dif- 
maeiïl. Wïth the .low,range .embodiment of fering from Fig. 8 onlY  the output means. 
tie inënion as Jllstrated, employed for de- I-Iere the transformer 125 is an input trans- 
ër!natïen of the Water content of petroleu,.n 15 former for one stage of tuned radio frequency 
producs,-e, g., crude oil, one end of the meter amplification, indicaed generally as an ampli- 

scale V(ïll pro/ide a Zero or minimum reading 
ànd the 0ther ënd o£ te s¢ale will provide a 
.i:eading corfespondinE to he .maximum water 
content fo be indicated, . g., 2 %. 
One pro6edure to which, however, we do hot 
(WiS h to be limited, for oierating such an em- 
bodiment o£ the invëntion is as £ollows: The 
caiacitïes of the measuring and compensating 
Cells/0 .and   are.so balanced that the capacity 
o cell 0 rzhen if contains an oil having a water 
c0nen o£ 2% iS equal to the capacity of cell 
!| hen it contains a dry sample oï the saine 
0i!. With these .two eells af equal capacities un- 
der tteë .condïtioiqs, the condenser 
ust'ed.o ttt the meter 28 indicates exact 
balance (nhll point). The condensers 9 and 
1 are then equal and conditions ïor a balanced 
brilge cihcuit are established which should hOt 
vary sibstantially fr0m one oil fo another so 
6ng .as the sarrie kind of. oil, except ïor water 
content, is ued in both cells [0 and | [. In this 
y the null point actually represents a 
çvate cbntent Of the 0il in the test cell 0, and 
the mximmh mis=balance represents dry oil. 
if is. oi Course possible to establish the null point 
when dry oil is used both in the test cell and 
the .0mpensating cell. However, Particularly 
«hen the Circuit oï Fig. 9 is used, the sensitivity 
o£ the system is iess in the neighborhood of 
the nhll point, due fo the characteristics of 
meter rectilïers and the output characteristic 
of a caPacity bridge, and if is thereïore more 
desirable_to use the procedure first described. 
Aï-ter the null point has been established with 
an oil haVing 2i water content in the test cell 
|., the latter is drained and lïlled with a Sample 
0 dry oil similar fo that already in the com- 
pensating cell [ [. The gain of the vacuum tube 
voltmeter 6r am01ifier is then adjusted until 
the meter read ïull scale, thus spreading the 
inis-balance ovér the full scale range. Condenser 

fier 0 includini a tuning Condenser [[ and 
a potentiometer |32 connected fo the input trans- 
-ormer 20, the potentiometer including á con- 
0 tact 33 comprising a gain control ïor the grid 
of a triode |3. In his system it has been ïound 
desirable fo interpose a grounded shield [30 be- 
ween the primary and secondary coils oï the 
input transformer |26. 
25 The output ïr0m the triode | is deliered to 
a prtmary winding 10 oï a step-d0wn trans- 
Zormer |0 whose secor/dary wïnding [0 is con- 
nected to a fu]] wave bridge rectifier [[. The 
rectified oUtput is delivered to a meter |2 which 
0 may be a d'Arsonval movement meter and which 
may be calibrated in terres of Water content or 
content oï suspended material. 
The émbodiment oï Fig.  is initially calibrated 
on a dry oil and an oil o£ kiown water content, 
5 substantially as irevlously desCribed. The end 
points or readings on thé scale on the meter |2 
are edjusted by várying tue contàct [] which 
determines the gain of the amplifier: The 
equivalent caiacitance necessary to 0btain fUll- 
40 scale defiection is set uio in the condenser 8 ïor 
ïuture reïerence and bhecking. I-owever, with 
the rectàfer system oï Fig. 9 and the oUtput 
characteristic oï a capaci bridge, the sensitivity 
oï the bridge adjacent the null point is lower than 
45 when there is en àppreciable mis-balance. 
Thereîore, in order fo obtain greatest sensitivi- 
ies at lowest Water contents, the null point is 
.oreïerably marie to indicate the higher waer 
contelts. 
0 Aîter the initial calibration of the instrument, 
connected as in Fig. 9, fo derme the scale limits, 
the remainder oï the scale is çalibrated by suc- 
cessively piacing oil samples of known inter- 
mediate water contents in the cell and dètermin- 
 ing the correSponding scale defiections. Sub- 
sequently, an oil oï unknown Water content can 
be placed in he test cell [0 and ifs Water con- 

|08 and resiStor ]9 are then adjusted fo equal tent directly determined. 
this çalùe in 0rder o etain a standard for The arrangement of Fig. 9 Can be considerably 
ralibrdtion. Aïter draining the est cell 0, g0 simpiilïed in an instrument designed fo indicate 
if is thën ready to 9eceivê the sample of oil water contents in a higher range, e. g., 1-10% 
.;h, ps watr C6nen is fo be detemined, water. In tkis instance the resistors I {19 and 
may sometlmes be eliminated. Even the cota- 
it is degirk01e that the aCuracy of the in- Ioensating cell |! can sometimes be eliminated 
_strumea bë Checked ïrom rime to rime because g5 with Satisfact0ry results, a fixed condenser 
of drifts in ainpiification, tube deterioraion, ing emp!oyed in the corresponding leg oï the 
ChgS in line voltage, etc. This can be easily bridge circuit. This is possible because rem- 
done nerely by thr0wing the selector switch fo uerature changes are not as significant in the 
C0ntat IS and Compkring the méter readings higher range as in the range of 0:2%. In addi- 
With th6se fïrmerly observed during the calibra- î tion, the amplifier Ia} can offert bë eliminated, 
tion. 
the input of the rectifier . being connected 
A iïe;¢i0ùslY merti0nêd, it is desirtble to use directl to points 9 and 9 of the bridge. 
hih .çëqUëfiY ënergizin P0ëntials fo obtain ° 
 Varlous changes may be ruade without depart- 
an output wh aries lmost exlusibely with ing çrom the spirit oï the inention as dened 
tè diÈëCtrïc constant 0ï tiré oil. E, ven then, î in tte appendéd claims. 
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We claim as out invention: 
1. A method for testing OillCOnt inuous emul- 
sions containing dispersed droplets of liquid to 
determine the amount of dispersed liquid present 
in the continuous off phase, which method in- 
volves the use of spaced electrodes providing 
a test space therebetween, said method includ- 
ing the steps of: mixing said emulsion fo further 

in the off phase, the combination of: a capacitive 
Lest cell providing spaced electrode means having 
conducting surfaces defining a first test space 
adapted fo contain said emulsion in bridging re- 
lationship with said conducting surfaces; means 
for electrically insulating said electrode means 
from each other; other electrode means forming 
a part of said test cell and providing conducting 

subdivide said dispersed droplets of liquid and surfaces spaced ïrom each other to define an off 
stabilize said emulsion against coalescing and to space, said off space and said test space being 
settling of the resulting droplets when subjected separated by one of said electrode means and 
fo a high ïrequency e!ectric field; disposing the this electrode means being of high heat conduc- 
mixed emulsion in said test space; and measuring tivity to equalize the temperatures in said spaces, 
the capacitive reactance of said emulsion in said said off space being adapted to contain a body of 
test space as a measure of the amount of dis- 15 off containing substantially none of said dispersed 
persed liquid in said off phase by imp.ressing on liquid; means for electrically insulating said 
the emulsion in said test space a high ïrequency other electrodes ïrom each other; means for 
energizing said electrode means of said test space 
electric field, and said electrode means of said off space with 
2. A method for testing oil-continuous emul- 
sions containing dispersed droplets of liquid fo 20 an alternating potential of sufficiently high fre- 
determine the amount of dispersed liquid present quency that the capacitive current through the 
emulsion in said test space is high relative to the 

in the continuous oil phase, which method 
volves the use of spaced electrodes providing 
electrically conducting surfaces bounding a test 
space, said method including the steps of: sub- 25 
jecting a stream of said emulsion fo an intensive 
mixing action to reduce the particle size of said 
dispersed droplets of liquid; continuously fiowing 
the resulting stream of emulsion into one portion 
of said test space and ïrom another portion of 30 
said test space, said emulsion fiowing through 
said test space in bridging relationship with said 

resistive current through this emulsion, said fre- 
quency being between about 100,000 cycles and 
about 6 megacycles; and means for balancing 
against each other the capacitive reactance of 
the oil in said off space and the emulsion in said 
test space to produce an electrical output de- 
lendent upon the capacitive reactance of the 
emulsion in said test space, said electrical out- 
put being a measure of the amount of said dis- 
persed liquid in said emulsion in said test space. 
5. In an apparatus for testing oil-continuous 

'conducting surfaces; applying fo said electrodes 
a high ïrequency alternating potential, said mix- 
ing of said emulsion belote if enters said test 
space aiding in stabilizing said emulsion fo pre- 
vent substantial separation of said dispersed. 
droplets of liquid ïrom said off phase while in 
said test space; and measuring changes in ca- 40 
pacitive reactance of said emulsion in said test 
space as a measure of change in the amount of 
dispersed liquid in said emulsion. 
3. A method for testing oil-continuous emul- 
sions containing dispersed droplets of liquid to 
determine the amount of dispersed liquid present 
in the continuov off phase, which method 
volves the use of spaced electrodes providing 

emulsions containing dispersed droplets of liquid 
to determine the amount of said liquid dispersed 
in the off phase, the combination of: a capacitive 
cell providing spaced electrode means ïorming a 
test space, said test space having entrance and 
exit portions, said electrode means being adapted 
to be energized by a source of high frequency po- 
tential; emulsion delivery means for delivering 
to said entrance portion a stream of said emul- 
sion for continuous fiow through said test space 
and from said exi portion thereoï; rneans for 
measuring changes in capacitive reactance of 
said emulsion in said test space, said changes 
being a measure of the amount of dispersed liquid 
in the off phase of said emulsion; and means for 

surfaces bounding a test space, said method in- intimately mixing said emulsion beïore deliverY 
cluding the steps of: withdrawing ïrom a source } fo a]d entrance portion to reduce the particle 
of said emulsion a first stream thereoï and con- size of said dispersed droplets of liquid and fur- 

tinuously fiowing said first stream into one por- 
tion of said test space and ïrom another portion 
of said test space; applying to said electrodes a 
high îrequency alternating potential and meas- 
uring the capacitive reactance of said first stream 
of emulsion in said test space as a measure of 
the amount of dispersed liquid therein; with- 

ther stabilize said emulsion fo prevent substantial 
separation of said dispersed droplets of liquid 
from said off phase while in said test space. 
6. In an apparatus for testing ofl-continuous 
emulsions containing dispersed droplets of liquid 
to determine the amount of said liquid dispersed 
in the off phase, the combination of: a capacitive 

drawing ïrom said source of emulsion a second 'test cell providing spaced electrode means de- 
emulsion stream; puriïying said second emulsion 0 fining a first test space; means for electrically in- 
stream fo remove substantially all of the dis- sulating said .electrode means from each other; 
persed droplets of liquid therefrom; continuously pipe means for continuously delivering to said 
fiowing the purified second stream through an- first test space a stream of said emulsion; other 
other test space; app]ying across said other test electrode means forming a part of said test cell 
space a high frequency alternating potential of }5 and providing conducting surfaces spaced from 
the saine frequency as applied fo said electrodes each other fo define an off space, said off space 
of said first-named test space to measure the and said test space being separated by one of said 
cacaciive reactance of said purified stream; and electrode means, this electrode means being of 
conparing the capacitive reactanc,es of said puri- high heat conductivity to equalize the tempera- 
fied stream and said first stream of emu!sion as a 70 tures in said spaces; means for electrically 
measure of the amount of dispersed droplets of sulating said other electrodes ïrom each other; a 
liquid in said first stream of emulsion, small pipe for continuously bleeding from sid 
4. in an apparatus for testing oil-continuous pipe means a small stream of said emulsion; a 
emulsions containing dispersed droplets of liquid purifying means communicating with said small 
fo determine the amount of said liquid dispersed 7 pipe and including means for removing from said 
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Small stream of emulsion substantially all of the 
dispersed liquid therein to produce a small stream 
of purified off; means for delivering said small 
stream oï purified off to said oil space; means for 
energizing said electrode means of said test space 
and said electrode means of said off space with 
a high frequency alternating potential; and 
means for coïnparing the capacitive reactance of 
the off in said off space and the emulsion in said 
test space as a measure of the amount of said 
dispersed liquid in said emulsion in said test 
space. 
7. In a method for testing stable oil-continuous 
emulsions containing dispersed droplets oï an 
aqueous liquid in small amounts up fo 2% in the 
off phase thereof fo determine the amount of said 
aqueous liquid therein, the steps of: disposing 
the emulsion in a test space, generating an alter- 
nating potential af such a hig'h frequency that 
the capacitive current through said emulsion is 
high relative fo the resistive current there- 
through, applying said potential across said test 
space, and measuring the capacitive reactance 
of said emulsion in said test space as a measure 
oï the amount of said aqueous liquid dispersed in 
the off phase. 
8. A method as defined in claire 7 including the 
fm'ther steps of: establishing a body of dry off, 
measuring the capacitive reactance of said body 
at said high frequency, and balancing the capaci- 
rive reactance of said body against the capacitive 
reactance of said emulsion in said test space. 
9. A method as defined in claire 7 including the 
step of applying said high frequency potential 
directly to said emulsion in said test space in 
conductive relation thereto. 
10. A method as defined in claire 7 wherein the 
frequency of said alternating potential is be- 
tween about 100,000 cycles and about 6 mega- 
cycles. 
11. In an apparatus for testing the capacitive 
reactance of liquids fo determine the amount of 
a comportent thereof, the combination of: a ca- 
pacitive cell providing spaced electrode means 
defining a test space adapted fo contain said 
liquid; means for electrically insulating said 
electrode means from each other; « capacitance 
bridge providing a plurality of capacitive arms 
and providing input and output terminals; means 
for connecting said electrode means in one of 
said arms; end means for applying across said 
input terminals of said bridge a high-frequency 
alternating voltage, said last named means in- 
cluding an oscillator having a tank circuit and 
means for connecting said input terminals of said 
bridge in said tank circuit whereby said bridge 
acts as a capacitor for said tank circuit, the po- 
tential across said output terminals being re- 
sponsive to the capacitive reactance of said liquid 

in said test space and being a measure of thë 
amount of said component in said liquid. 
12. In an apparatus for testing oil-continuous 
mnulsions containing dispersed droplets of liquid 
5 to determine the amount of said liquid dispersed 
in the off phase, the combination of: a capacitive 
ce]l providing spaced e]ectrode means having 
conducting surfaces defining a test space adapted 
to contain said emulsion in bridging relationship 
10 with said conducting surfaces; means for electri- 
cally insulating said electrode means from each 
other; a capacitance bridge providing a plu- 
rality of capacitive arms and providing input and 
output terminals; means for connecting said elec- 
15 trode means in one of said arms; and means for 
applying across said input termina]s of said 
bridge a high frequency alternating voltage, the 
potential across said output terminals being re- 
sponsive fo the capacitive reactance of said emul- 
20 sion in said test space and being a measure of the 
.amount of dispersed liquid in the off phase of said 
emulsion, said means for applying said high 
frequency alternating voltage to said bridge com- 
prising an oscfllator having a tank circuit, and 
25 means for connecting said input terminals of said 
bridge in said tank circuit whereby said bridge 
acts as a capacitor for said tank circuit. 
ROBERT A. ROBINSON. 
30 VILLIAM F. EBERZ. 
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